Background: Currently, the use of metal-backed tibial components is more common than the use of all-polyethylene
T he tibial component in total knee arthroplasty can be an all-polyethylene component or a modular unit using a polyethylene liner mounted on a metal tray. All-polyethylene components were originally used in the historical Total Condylar total knee arthroplasty system, for which excellent long-term survival rates have been reported 1, 2 . However, during the development of novel designs, a number of biomechanical studies have shown that metal-backed tibial components improved the distribution of forces between the implant and the cement 3, 4 . Further, increases in dynamic strain under all-polyethylene compared with metal-backed tibial components have been described 5 .
In modern practice, modular metal-backed components are more commonly used than all-polyethylene tibial components, although a number of arguments in favor of the all-polyethylene design remain valid. The all-polyethylene tibial component is less expensive than its modular counterpart 6 , and several randomized trials and smaller cohort studies have indicated that the allpolyethylene tibial component is at least equivalent to the modular design in function, knee motion, primary stability, and long-term implant survival [7] [8] [9] [10] [11] [12] . These favorable findings also apply to patients with rheumatoid arthritis or obesity 13, 14 . A recent meta-analysis concluded that ''the AP [all-polyethylene] tibial component was comparable with or better than the MB [metal-backed] tibial component in TKA [total knee arthroplasty].'' 15 However, small and insignificant differences described in medium-sized cohort studies may add up to clinically relevant differences in implant survival when larger populations are studied. It was our aim to extract data from a large nationwide knee arthroplasty registry to investigate whether identical allpolyethylene and metal-backed tibial designs perform equally well with regard to revision rates. We hypothesized that there would be no difference in ten-year survival between all-polyethylene and metal-backed tibial components of a specific design with respect to revision for any reason. The secondary end point was revision due to infection.
Materials and Methods
The Swedish Knee Arthroplasty Register T he Swedish Knee Arthroplasty Register (SKAR) was initiated in 1975 and subsequently evolved into a nationwide register, which has been repeatedly validated [16] [17] [18] . In Sweden, each resident is assigned a personal identification number that makes it possible to link the index operation to further revision surgery and-through linkage to the National Population Register-include information on dates of death or emigration.
Study Population and Inclusion Criteria
We analyzed survival rates for all-polyethylene and metal-backed tibial components, restricting the analysis to the Press-Fit Condylar prosthesis (PFC Sigma; DePuy, Johnson & Johnson, Warsaw, Indiana). In Sweden, this is the most commonly used total knee prosthesis with an optionally available allpolyethylene design. Data were extracted from the SKAR, and 33,729 primary total knee arthroplasties performed using the PFC Sigma knee prosthesis from 1999 to 2011 were found to be eligible. To reduce the influence of potential confounders, we excluded all other diagnoses but primary osteoarthritis of the knee. We also excluded uncemented total knee arthroplasty and posterior-stabilized designs, implying that only cruciate-retaining designs were included in the analysis. Thus, all remaining 27,733 total knee replacements had a nonporous cemented femoral component and identically designed, curved metal-backed or all-polyethylene tibial component. The polyethylene components for both allpolyethylene and metal-backed designs were manufactured and sterilized in an identical manner. Follow-up started on the day of the index operation and ended at revision surgery, death, emigration, or December 31, 2011, whichever came first. Revision surgery in the SKAR is defined as exchange, addition, or removal of any component of the prosthesis. Procedures that do not involve any component exchange are registered, but that registration is not considered reliable.
Statistics
Continuous descriptive statistics used means, median values, ranges, and 95% confidence intervals (CIs) where appropriate. A p value of <0.05 was considered significant. Survival functions were calculated with the end points of revision for any reason, revision due to infection, and revision due to reasons other than infection according to the Kaplan-Meier method, and differences between groups were investigated with the log-rank test. Cox proportional hazard models were fitted in order to analyze the influence of various covariates on the relative risk (RR) of revision, with the end points described above. The covariates of patellar resurfacing, sex, age group (less than forty-five years, forty-five to fifty-four years, fifty-five to sixty-four years, sixty-five to seventy-four years, seventy-five to eightyfour years, and eighty-five years or older) and type of tibial component were first entered as singular variables in order to calculate crude RR, followed by mutually adjusted models including all covariates. Model diagnostics included calculation of the correlation coefficient between transformed survival time and the scaled Schoenfeld residuals. A total of 27,733 total knee arthroplasty components were inserted into 23,657 patients, and 4076 patients had received bilateral procedures. On the basis of the published literature [19] [20] [21] [22] , we assumed that the inclusion of both joints in patients managed with bilateral procedures has a negligible effect on survival estimates in an observational study of this size, but additional cluster analyses including personal identification as a cluster variable were performed. These cluster analyses generated robust estimates that were generally very similar to those that had been calculated without taking bilaterality into account (data not shown).
Source of Funding
The study had no external source of funding.
Results
T he median duration of follow-up was 4.5 years (range, zero to 12.9 years). Of all total knee arthroplasties, 16,896 (60.9%) were in women and 10,837 (39.1%) were in men. The mean age at the time of the index surgery was 70.5 years (range, 18.4 to ninetysix years). The distribution in various age groups is given in a table in the Appendix. Metal-backed components were used in 16,011 total knee arthroplasties (57.7%) and all-polyethylene, in 11,722 total knee arthroplasties (42.3%). We found a slightly higher proportion of all-polyethylene tibial components in women and in younger patients, and older patients were overrepresented in the metal-backed group (see Appendix). Only 1117 (4%) of all total knee arthroplasties received patellar resurfacing, with resurfacing being more frequent in the metal-backed group (see Appendix). Six hundred and thirty-two total knee arthroplasties had been revised: 416 of those revisions were in the metal-backed group and 216 in the all-polyethylene group. The most common reason for revision was infection (195 knees), and 431 knees were revised for various reasons other than infection (data were missing for six revisions).
With revision for any reason as the end point, unadjusted ten-year survival of the implants was 96.6% (95% CI, 96.2% to 
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96.9%) for the metal-backed tibial component and 97.2% (95% CI, 96.7% to 97.7%) for the all-polyethylene tibial components (p = 0.002) (Fig. 1) . Ten-year survival with revision due to infection as the end point was 99.0% (95% CI, 98.8% to 99.2%) for the metal-backed components and 99.1% (95% CI, 98.8% to 99.5%) for the all-polyethylene component (p = 0.002). Using revision for reasons other than infection as the end point, tenyear survival was 97.6% (95% CI, 97.3% to 97.9%) for the metalbacked tibial components and 98.1% (95% CI, 97.8% to 98.4%) for the all-polyethylene tibial components (p = 0.15). Unadjusted ten-year survival according to the age groups (less than forty-five years, forty-five to fifty-four years, fifty-five to sixty-four years, sixty-five to seventy-four years, seventy-five to eighty-four years, and eighty-five years or older) showed increasing implant survival with increasing age (Table I) . Cox multiple regression analysis was performed with the covariates of patellar resurfacing, sex, age group, and type of tibial component. All-polyethylene tibial components had a lower risk of revision for any reason with an adjusted RR of 0.75 (95% CI, 0.64 to 0.89) compared with metal-backed tibial components (Table II) .
With revision for any reason used as the end point, survival analysis showed that patellar resurfacing and sex did not influence the risk of revision. With revision due to infection used as the end point, all-polyethylene tibial components had a lower risk of revision compared with metal-backed components, with an adjusted RR of 0.63 (95% CI, 0.46 to 0.86). Patellar resurfacing and male sex increased the risk of revision due to infection (Table III) . Allpolyethylene components had a slightly reduced risk of revision for reasons other than infection with an adjusted RR of 0.82 (95% CI, 0.69 to 1.00) compared with metal-backed tibial components, but this finding was of borderline clinical importance and significance.
Discussion
A ll-polyethylene tibial components showed improved overall implant survival compared with metal-backed tibial components. This finding is mainly due to the fact that total knee arthroplasties with all-polyethylene tibial components are at lower risk of revision due to infection. In contrast, the risk of revision for reasons other than infection did not show a significant difference between the groups. Our findings are in agreement with published literature on this topic [23] [24] [25] [26] . Our finding that the risk of revision due to infection was higher for metal-backed components than for all-polyethylene components was not unexpected. Early infections after total knee arthroplasty can be successfully treated by debridement and implant retention 27 . In metal-backed total knee arthroplasty, the polyethylene liner is mostly exchanged during revision surgery and all procedures involving an extraction or change of an implant are reported to the SKAR. In contrast, early revisions because of infection at the site of all-polyethylene total knee replacements do not usually encompass extraction or exchange of implants and such procedures are, per definition, not reported to the SKAR. Ten-year survival of the implants, with revision for any reason as the end point. The shaded areas indicate the 95% confidence intervals.
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However, debridement of infected tissues combined with retention of the total knee arthroplasty components does not achieve infection control as efficiently as debridement combined with component exchange 28, 29 . Consequently, it is likely that not all knees treated with debridement because of early infection after total knee arthroplasty in our cohort had a successful outcome and may have resulted in delayed, more extensive revision surgery that would have been consequently reported to the SKAR. We found no difference between the groups with regard to the time to revision because of infection (data not shown). In conclusion, the question of whether allpolyethylene total knee replacements are less prone to infection cannot be clearly answered on the basis of our register data.
Regression analysis of the risk of revision for any reason did not show any difference between men and women. However, men are at higher risk of revision due to infection than are women. This is in agreement with several reports on sex-specific differences with regard to the survival of total knee replacements 30, 31 , including one by the SKAR 32 . All-polyethylene and metal-backed tibial components were described by Toman et al. 33 as equivalent with regard to survival rate in patients with a body mass index (BMI) of <37.5 kg/m 2 . Since BMI has been registered in the SKAR only since 2009, we were unable to include this factor in our analysis.
Insertion of patellar components was performed in only a minority of the knees in our study. This is common practice in Sweden, where only 3% of all total knee arthroplasties include patellar resurfacing 32 . In our study population, patellar resurfacing was unequally distributed between the two groups of all-polyethylene and metal-backed tibial components, but the covariate of patellar resurfacing exerted no influence on overall implant survival. However, patellar resurfacing seemed to slightly increase the risk of revision because of infection. The issue of whether patellar resurfacing should be performed continues to be debated 34, 35 . Limitations of our study include the above-mentioned registration bias concerning revision surgery due to infection. Further problems with respect to register studies in general are associated with incomplete registration of revision surgery, but completeness of the SKAR data is 94% with regard to revision procedures 18 . Another problem is the lack of data related to patient outcome, although such information is now prospectively collected from a few surgical units in the SKAR. Some factors with a putative influence on outcome, such as BMI or medication with corticosteroids, statins, or bisphosphonates, are not registered and may skew our results. The same applies to medical comorbidities such as diabetes mellitus. However, we have no reason to believe that such factors were unequally distributed between the two investigated groups of total knee replacements. Observation times were not identical in the groups, with the all-polyethylene group having a slightly shorter length of follow-up than the metal-backed group. However, both the Kaplan-Meier survival analysis and the Cox regression analysis compensate for differences in observation times. A potential weakness is that individual surgeons are only registered voluntarily, with data generally reported to the registry on a per surgical unit basis.
One of the strengths of our study is the large cohort of total knee replacements included in our analysis. Such numbers render type-II errors improbable, but this poses the problem of finding significant, but clinically irrelevant, differences. We believe that the main conclusion that can be derived from our analysis is that the all-polyethylene tibial component performance is at least equal to that of the metal-backed design. Our main focus is not on the small, significant difference between the two components, but rather on the fact that, in this large cohort, the two components seem to perform equally well. We also restricted our analysis to implants that are identical in all aspects, with the exception of the presence or absence of metal backing. This is not the case in some other studies devoted to the investigation of all-polyethylene components compared with metal-backed tibial components, potentially allowing differences in polyethylene wear and affecting the subsequent risk of revision 36 . We also restricted our analysis to implants designed for cruciate-retaining surgery and excluded all PFC Sigma components that are posterior stabilized. The inclusion of posterior-stabilized designs could have skewed our results since such components are subject to a greater amount of volumetric wear than are nonconstrained components, which in turn could influence the risk of revision 37, 38 . In conclusion, our data indicate that the all-polyethylene tibial component can be safely and effectively used in total knee arthroplasty. We concluded that the use of the allpolyethylene design is at least as good as, or better than, the conventional metal-backed tibial component in the PFC Sigma knee prosthesis with regard to overall ten-year survival of the implant.
